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1 Introduction

There are two major schools of thought regarding figures of merit. These are:
1. Some form of end to end testing e.g. throughput in a particular environment

2. Component testing e.g. antenna performance

Both methods have their pros and cons and should be considered carefully. During recent MIMO OTA discussions in [1] and [2], throughput is recommended to be one of the figures of merit. This paper looks into aspects of end to end testing using throughput, and in particular SNR definition.
2 End to end testing using throughput
This approach is attractive since it should come closest to providing a result that has direct meaning to the operator/end user. However, most RAN4 performance requirements do not fall into this category. Obvious examples are criteria such as spurious emissions or power time masks whose relationship to end user performance is real but by no means directly obvious. Even apparent end to end requirements such as throughput under fading conditions are actually testing only components of the system since these are done open loop without the presence of a scheduler or AMC.
If true end to end throughput testing is to be developed for MIMO OTA then there would be significant work required to simulate the requirements since direct comparison to existing receiver tests would not apply. An easier but less realistic scenario would be to do some form of open loop testing although this may rule out any MIMO mode switching aspects.
Another aspect of end to end testing is agreeing the propagation conditions to use. An idealistic approach would be to test under realistic propagation conditions which would return a result closer to real life performance (notwithstanding the open loop caveat just given). Again, such a scenario is attractive since it would be indicative of final performance. However, it is known that the combination of typical SNR with many typical spatial propagation conditions is not going to result in performance anywhere near the 2x gain in ideal conditions. If measurements are made under these conditions then the expected gains would be marginal and when coupled with measurement uncertainty could render testing incapable of differentiating between good and bad MIMO performance.
If throughput is to be used as a figure of merit there are a large number of variables that need to be defined. If we aim of the high ground of emulating the conditions of a real network in order to predict actual end user performance the following factors would need to be defined:
· Traffic mix
· Scheduler design (including narrowband aspects)
· Specific channel model and UE mobility
· Body/hand loss effects

· Transmission mode switching characteristics

· UE wideband and narrowband CSI characteristics and accuracy

· Intersite distance, cell loading and non-Gaussian interference aspects

Simplifications to the above are certainly possible but will mean results will diverge from real life.

However, one critical aspect that cannot be simplified is the definition of interference, which can be loosely described in terms of SNR. The remainder of this paper looks at the challenges of defining SNR for MIMO OTA testing.
3 Definition of SNR for throughput testing
There are discussions in COST2100 [3] on a measurement campaign to compare different MIMO OTA test methods based on throughput measurements with the same UE and under the same channel model. How to define the same SNR for the MIMO OTA throughput is now discussed. The challenges to define the SNR for MIMO OTA are:

· There are several different MIMO OTA test methods. To make sure the results are comparable, the SNR definition for different MIMO OTA test methods should be comparable.

· MIMO antenna influence on signal power (antenna pattern and antenna rotation)

· Varying AoA and AoD for MIMO OTA models

Firstly, consider the SNR definition for different MIMO OTA test methods
3.1 Definition of SNR for spatial emulator method
1) The spatial channel emulator based method like [4] and [5], where the channel emulator is used together with chamber to emulate a multiple path channel inside the chamber as shown below:

[image: image12.emf]
For this kind of method, it is not doable to measure the received power at the antennas of the DUT directly. For this method, what can be measured is the total RF power to the test antennas. For this method, it is thus quite natural to define the signal power with respect to the total RF power to the test antennas. However, the SNR is usually defined at the receiver side. How to relate that power to the SNR is to be defined. On the other hand, the test antenna will result in some gain as well. To convert the total RF power to the test antennas, both the test antenna gain, efficiency and the distance between the test antenna and the DUT are needed and the SNR definition with respect to the total RF power is needed.
3.2 Definition of SNR for reverberation chamber method
It is difficult for the reverberation chamber based method [6] to emulate multiple path channel models with different AoA and AS of AoA. There are some ideas on how to use channel emulator together with reverberation chamber to generate multiple path channel with different delays. Suppose with this extension, reverberation chamber based method is able to generate multiple path channel models requested for MIMO OTA testing. A direct problem is that how to define the SNR for this method. Unlike method discussed in 3.1 since there are reflectors and scatters between the test antenna and the DUT, for the reverberation chamber based method, how to get the comparable total RF power like in 3.1 is somewhat challenging. Probably some well calibrated omni-directional antennae are needed. 
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3.3 Definition of SNR for RF controlled spatial fading emulator method
The RF controlled spatial fading emulator in [7] is as follows:
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The challenge of the RF controlled spatial fading emulator method is similar like the reverberation chamber in that firstly it is hard to generate an accurate multiple path fading channel. Secondly, even if the channel is generated, the definition of the total RF power if it is to be compared with method in 3.1 is challenging since some RF scatters are used. Further how to relate that power to the SNR is undefined.
3.4 Definition of SNR for two-stage method
The two-stage method from [8] is as follows:

[image: image4]
Unlike the methods mentioned above, the two stage method has the advantage in that it is able to directly define the signal power at the receiver antenna. To have meaningful comparison results with the test results of the other test methods it remains to be defined how to define the received RF power for the other methods.
3.5 Definition of SNR for two-channel method
The two-channel method in [9] is:
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As compared with method in 3.1, this method tries to reduce the number of test antennas by not emulating the angular spread but the AoA through RF switches. For this method, it is easy to get the total RF power to the test antennas. With the similar approach which relates the total RF power of for methods in 3.1 to SNR, the SNR can be defined. The biggest challenge here is that how to relate the throughput tested under this method with the throughput tested under other methods which try to emulate the channel model.
Also, when the antenna patterns’ influence is considered the things are getting even more complicated.
1) Influence of the UE receiver antenna patterns.
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It can be seen easily that the power received on the antennas changes with respect to the AoA. The question is then which power should be used for the SNR definition. It is not desired that the SNR definition is defined with respect to a specific angle because there is no reference coordinate to define that angle to make sure tests with different method are following the same definition. One approach under consideration is to use the average of the total received power as the power to define the SNR. The following question is then if the definition is as proposed for two-stage method, how we can relate this definition to the other test method.
2) Influence of the BS antenna pattern. It is straight forward that the antenna pattern of BS will result in different powers if the path AoD is different. Since for all the test methods, the BS antenna pattern’s influence is emulated through the channel model, we can deliberately ignore the power change due to AoD and BS antenna pattern in MIMO OTA test by fixing the total RF power to the test antennas no matter how AoD changes. However, if we’d like to really emulate the effect when channel model changes, how the BS and UE antenna patterns will influence the overall performance, we probably need to take into the influence of BS pattern on the power as well.
3) If the test results need to be comparable among different channel models where the AoA and AoD are changing, both the antenna pattern of BS and antenna pattern of UE need to be taken into account. This is the case where the total RF power to the base station antenna is kept constant and the BS and UE distance is kept the same, but the channel model changes. Under this situation, since the power received at the UE side is changing with respect to both AoA and AoD, how to choose the power to define the SNR is another problem.

4 Conclusion

In this paper, the challenges for setting a comparable SNR for different MIMO OTA test methods to get comparable measured throughput was discussed. Until agreement is reached on SNR definition, measurements made using different test methods cannot be meaningfully comparable.
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